We compared the outcomes of immunosuppressive treatment (IST) with those of alternative donor hematopoietic stem cell transplantation (HSCT) in children and adolescents with severe aplastic anemia (SAA). The medical records of 42 patients with SAA who received frontline IST (N = 19) or frontline HSCT with an alternative donor (N = 23) between 1998 and 2012 were analyzed retrospectively. Six patients responded in the frontline IST group, whereas 11 underwent salvage HSCT after IST failure. Twenty-one of 23 patients who underwent frontline HSCT survived without treatment failure. The estimated failure-free survival rate of the frontline HSCT group was higher than that of the frontline IST group (91.3% vs 30.7% respectively, Po 0.001). Six of 11 patients who underwent salvage HSCT experienced event-free survival (EFS). The estimated EFS of the frontline HSCT group was higher than that of the salvage HSCT group (91.3% vs 50.9% respectively, P = 0.015). The outcome of alternative donor HSCT was better than commonly reported rates, especially in patients who underwent frontline HSCT. These results suggest that frontline alternative donor HSCT may be a better treatment option than IST for children and adolescents with SAA who lack a human leukocyte Agmatched familial donor.
INTRODUCTION
Severe aplastic anemia (SAA) is a life-threatening disorder characterized by pancytopenia of the peripheral blood and hypocellular marrow. Although both allogeneic hematopoietic stem cell transplantation (HSCT) and immunosuppressive treatment (IST) are available treatments, allogeneic HSCT from an HLA-matched familial donor is preferred by SAA patients. 1, 2 However, approximately two-thirds of patients do not have a suitable HLA-matched sibling donor; therefore, either IST or alternative donor HSCT is employed in such cases. 3, 4 The response rate of IST consisting of antithymocyte globulin (ATG) and cyclosporine (CsA) with or without G-CSF has been reported to be 60-80% in SAA patients. 4, 5 However, previous reports have shown that IST is related with a substantial risk of relapse and clonal evolution. 6, 7 Furthermore, IST often leads to the amelioration of cytopenia rather than cures. 5, 8, 9 A recent study found that the estimated event-free survival (EFS) of IST was 33%, and 91 of 167 patients (55%) ultimately underwent rescue HSCT. 10 Notably, the outcomes of patients undergoing alternative donor HSCT have been significantly improving recently. 2 Advances in HSCT, such as modification of the conditioning regimen, a better selection of donors by high degree HLA allele level matching and the introduction of low-dose TBI, have improved the outcomes of HSCT in patients with SAA. [11] [12] [13] [14] A recent study showed an estimated 5-year failure-free survival (FFS) of 95.01% in children who received 10 Ag-matched unrelated donor HSCTs. 15 Although several reports have compared the outcome of frontline IST to that of frontline HSCT from an HLA-matched familial donor, 5, 10 studies comparing frontline IST to frontline alternative donor HSCT have been limited. For this reason, this study aimed to investigate the efficacy of alternative donor HSCT as a frontline treatment modality compared with that of IST in children and adolescents with SAA who lack an HLA-matched familial donor.
MATERIALS AND METHODS Patients
We retrospectively reviewed the medical records of 42 consecutive patients with acquired SAA who lacked an HLA-matched familial donor and received IST or alternative donor HSCT at Samsung Medical Center between January 1998 and December 2012. All patients were younger than 18 years, were newly diagnosed with SAA, and had not undergone any specific prior treatments, except transfusion support. SAA was defined according to the standard criteria 16 ; if patients met these criteria and had a neutrophil count o0.2 × 10 9 /L, their diseases were considered to be very severe aplastic anemia. Patients who had inherited bone marrow failure syndrome or received a matched-related donor HSCT were excluded from this study. The choice of frontline treatment with alternative donor HSCT or IST was made by the patient or his/her guardians. This study was approved by the Institutional Review Board of Samsung Medical Center. The need for informed consent was waived by the board.
Immunosuppressive therapy IST consisted of horse or rabbit ATG, methylprednisolone, and CsA. Horse ATG (ATGAM; Pharmacia & Upjohn Company) 20 mg/kg per day for 8 days was available between January 1998 and December 2003, but was replaced with rabbit ATG (Thymoglobulin; Genzyme) 3.5 mg/kg per day for 5 days starting in January 2004. Methylprednisolone (1 mg/kg per day) was administered before commencing ATG infusion to prevent allergic reaction, and then was maintained for 2 weeks before being abruptly tapering. CsA (5 mg/kg per day) orally was started on day 13 and was continued for at least 6 months, with dosing adjusted to achieve drug trough levels between 150 and 200 ng/mL.
Conditioning regimen and GVHD prophylaxis
The conditioning for alternative donor HSCT consisted of various regimens. Details of the conditioning regimens were as follows: (1) cyclophosphamide (Cy, 60 mg/kg/day on days -8 and -7) +fludarabine (FLU, 40 mg/m 2 /day on days -6 to -2) +ATG (on days -3 to -1), (2) busulfan (Bu, 0.8-1.1 mg/kg/day on days -7 and -6) +Cy (50 mg/kg/day on days -5 to -2) +ATG (on days -4 to -2), (3) TBI (500 cGy) +Cy (60 mg/kg/day on days -4 and -3) +ATG (on days -4 to -2), (4) Cy (50 mg/kg/day on days -5 to -2) +ATG (on days -4 to -2) and (5) TBI (500 cGy) +FLU (25 mg/m 2 /day on days -4 to -2) +Cy (60 mg/kg/day on days -3 and -2). Horse ATG (30 mg/kg for 3 days) in the conditioning regimens had been changed to rabbit ATG (2.5 mg/kg for 3 days) since January 2004. Prophylaxis against GVHD consisted of a combination of CsA (3 mg/kg per day) or tacrolimus (0.03 mg/kg per day) plus short-term methotrexate. The doses of CsA and tacrolimus were adjusted to achieve drug trough levels between 200 and 300 ng/mL, and between 15 and 20 ng/mL, respectively.
Comparison of the response and survival outcomes
To assess the effect of treatment modalities on the outcomes, the probable overall survival (OS), FFS or EFS rates were estimated. Treatment failure of IST was defined as death, no response by 6 months and beyond, relapse, disease progression requiring HSCT from an alternative donor or second IST, clonal evolution and evolution to paroxysmal nocturnal hemoglobinuria. Complete response was defined as a normal hemoglobin level for age, neutrophil count 41.5 × 10 9 /L and platelet count 4150 × 10 9 /L. Partial response was defined as transfusion independent and no longer meets the criteria for severe disease. The overall response included both complete and partial responses. Relapse was defined as the occurrence of transfusion dependency or a neutrophil count o 0.5 × 10 9 /L after attainment of a response. Treatment failure or an event after HSCT was defined as death, primary graft failure, late rejection, relapse and secondary malignancy, whichever occurred first. Primary graft failure was defined as failure to achieve a neutrophil count 40.5 × 10 9 /L on 3 consecutive days after transplantation, and secondary graft failure was defined as graft loss following the initial achievement of graft function.
Statistical analysis
Patient's characteristics and clinical outcomes were compared using chisquare or Fisher's exact tests for binary variables, and the Mann-Whitney U-test for continuous variables. FFS and EFS were calculated by using the Kaplan-Meier method, and comparisons between survival curves were performed using the log-rank test. P-values o0.05 were considered to indicate statistical significance. Figure 1 shows the overall treatment flow and outcomes of patients in this study. Three of 42 patients had very severe aplastic anemia. Nineteen patients received frontline IST, and the remaining 23 received frontline HSCT. Frontline IST was performed using either horse (n = 10) or rabbit ATG (n = 9) in combination with CsA and a corticosteroid. Eleven of 19 patients who received frontline IST underwent salvage HSCT after IST failure.
RESULTS

Patients
Frontline IST vs frontline HSCT The characteristics of patients in the frontline IST and frontline HSCT groups are summarized in Table 1 . Sex, age and the disease status at treatment were comparable between the 2 groups; however, the median time from diagnosis to treatment was longer in the frontline HSCT group than in the frontline IST group (10.1 months vs 4.0 months respectively, P = 0.025). Six of 19 patients who received frontline IST showed responses (complete response in 2 patients and partial response in 4), and there was no difference in the response rates between IST with horse ATG and that with rabbit ATG (40.0% vs 22.2% respectively, P = 0.628). The remaining 13 patients did not achieve responses with frontline IST, and 6 of them received a second IST; Two of these 6 patients, 1 each achieved complete response and partial response after the second IST. The overall response rate of IST was 42.1%. Eleven patients who had no responses with frontline or second-line IST underwent salvage HSCT (57.9%). Among the 23 patients who underwent frontline HSCT, 21 experienced FFS. Although the 5-year OS was comparable between the frontline HSCT and frontline IST groups (91.3% vs 71.2% respectively, P = 0.187), the 5-year FFS was significantly higher in the former than the latter (91.3% vs 30.7% respectively, P o0.001) (Figure 2 ).
Frontline vs salvage HSCT The characteristics and clinical outcomes between the frontline and salvage HSCT groups are summarized in Table 2 . Matched unrelated bone marrow (BM)/peripheral blood stem cell (PBSC) grafts were more frequent in the frontline HSCT group compared to those in the salvage HSCT group. Moreover, the median time from diagnosis to HSCT was shorter in the frontline HSCT group than in the salvage HSCT group. There was 1 case of primary graft failure in the salvage HSCT group (9.1%), but all patients in the frontline HSCT group were successfully engrafted. Seven deaths occurred among 34 transplants; 2 patients in the frontline HSCT group died of cardiogenic shock due to coronary disease in one and from Cy-induced cardiomyopathy in the other. However, there were 5 deaths in the salvage HSCT group which were caused by post-transplant lymphoproliferative disease (n = 2), graft failure (n = 1), fungemia (n = 1) and chronic GVHD (n = 1). The estimated 5-year EFS rate of the frontline HSCT group was substantially higher than that of the salvage HSCT group (91.3% vs 50.9% respectively, P = 0.015) (Figure 3 ). There were no statistically significant differences in EFS among different graft sources in the frontline HSCT group (BM 90.0% vs. PBSC 88.9%, P = 0.907; cord blood [CB] 100% vs. PBSC 88.9%, P = 0.505; CB 100% vs. BM 90.0%, P = 0.527).
Acute and chronic GVHD In the frontline HSCT group, grade II-IV acute GVHD developed in 11 patients (47.8%), whereas grade III-IV developed in only 1 patient (4.3%) ( Table 2 ). Fourteen patients developed chronic GVHD (60.8%, 7 limited and 7 extensive). Of 7 extensive chronic GVHD patients, 4 had received BM, 2 PBSC, and 1 CB. Most chronic GVHD patients (n = 12, 85.7%) eventually became free of immunosuppressant at a median of 16 months after HSCT, and no patient died of chronic GHVD. The incidence of acute GVHD (P = 0.582) and chronic GVHD (P = 0.157) between BM transplantations and PBSC transplantations in the frontline HSCT group were not different. In the salvage HSCT group, the incidence of grade II-IV acute, III-IV acute, and chronic GVHD were 45.5%, 18.2%, and 27.3% (extensive 9.1%), respectively. The only mortality from extensive chronic GVHD in the salvage HSCT group occurred in a patient who received a haploidentical graft. There was no difference in either acute GVHD (P = 0.150) or chronic GVHD (P = 0.141) between the frontline HSCT and salvage HSCT groups.
DISCUSSION
Both IST and alternative donor HSCT have improved the survival rate of patients with SAA who lack an HLA-matched familial donor. Currently, the SAA treatment guideline in Europe indicates that IST is the first-line treatment of choice for younger patients who lack an HLA-matched familial donor, and matched unrelated donor HSCT is then recommended in the event of failure of first-line IST. 17 However, recent advances in the field of HSCT, including better HLA matching by high-resolution allele typing, improved supportive care for the management of transplant-related Abbreviations: ATG = antithymocyte globulin; HSCT = hematopoietic stem cell transplantation; IST = immunosuppressive treatment; SAA = severe aplastic anemia; VSAA = very severe aplastic anemia.
complications and better availability of new drugs has produced alternative donor HSCT outcomes similar to those of matched sibling donor HSCT in some studies. 3, 11 Additionally, previous studies have shown that the FFS rates of alternative donor HSCT were higher than those of IST. One previous study showed that the estimated 5-year FFS following 10 Ag-matched (HLA-A, -B, -C, -DRB1 and -DQB1) unrelated donor HSCTs was 95.01%, and that following IST was 13.3%. 15 Another study showed that the estimated FFS rate was 83.9% among patients receiving alternative donor HSCT compared with 9.5% in those receiving second course of IST. 8 Most patients in these studies had received IST prior to alternative donor HSCT (90.9% and 100.0%, respectively). However, our study instead focused on the impact of the frontline treatment modality on outcomes, and demonstrated that the 5-year FFS rate of the frontline alternative donor HSCT group was superior to that of frontline IST group (91.3% vs 30.7% respectively, P o 0.001). Moreover, the EFS rate after frontline HSCT was higher than that after salvage HSCT in the current study (91.3% vs 50.9% respectively, P = 0.015). We believe that treatments aimed at a cure rather than an improvement may be a more desirable goal considering the longer life expectancy of children and adolescents. Because only 4 patients received frontline CB transplantation (CBT) in this study, we cannot draw any conclusion on its benefit over frontline IST. However, we did demonstrate a clear advantage for BM or PBSC transplantations over IST as a frontline treatment modality in pediatric SAA patients without HLA-matched familial donors. Previous studies have shown that horse ATG is superior to rabbit ATG when used for IST. A prospective randomized study from the National Institute of Health showed a clear difference in response rates between horse and rabbit ATGs (68% vs 37% respectively, P o 0.001). 18 Another prospective study from the European Blood and Marrow Transplant Severe Aplastic Anemia Working Party reported that the OS of patients with aplastic anemia treated upfront with horse ATG was superior to that in patients treated with rabbit ATG (86% vs 68% respectively, P = 0.009). Moreover, transplant-free survival was better in the former compared to the latter (76% vs 52% respectively, P = 0.002). 19 In this study, the response rate of horse ATG was higher than that of rabbit ATG; however, the difference was not significant, probably owing to the small number of patients in each group. As stated previously, only rabbit ATG has been available in Korea since 2004. Under these circumstances, alternative donor HSCT, especially using BM or PBSC, may be desirable for the upfront treatment of patients with SAA given the inferior outcome generally observed for IST with rabbit ATG. Furthermore, those who receive IST usually cannot avoid multiple transfusions, which may negatively affect any subsequent HSCT. Regardless, further randomized prospective studies are required to identify the better modality with greater certainty.
CBT has become a treatment option for patients with nonmalignant disease with the benefits of rapid accessibility and a lower incidence of GVHD despite HLA discrepancy. 20 In general, CBT has not been recommended as frontline treatment for SAA because of the higher probability of graft failure and transplantrelated complications. 20, 21 A report by the Japan Cord Blood Bank Network showed that the probability of OS at 2 years was 41% in Abbreviations: ATG = antithymocyte globulin; ANC = absolute neutrophil count; BM = bone marrow; Bu = busulfan; CB = cord blood; CMV=cytome-galovirus; Cy = cyclophosphamide; FLU = fludarabine; GVHD = graftversus-host disease; HSCT = hematopoietic stem cell transplantation; PBSC = peripheral blood stem cell; PLT = platelet; PTLD = post-transplant lymphoproliferative disease; TBI=total body irradiation. 31 patients who underwent CBT, 22 and data from Eurocord showed that the probability of 2-year OS was~40% among 57 single CB unit recipients. 23 In our study, although the number of CB recipients is too small to draw clear conclusions regarding the role of CBT, it is encouraging that all 4 patients in the frontline HSCT group achieved FFS. As the outcome of CBT in various diseases has recently shown improvement, [24] [25] [26] we believe that the role of CBT as a frontline treatment for pediatric SAA patients should be re-evaluated using well-designed prospective studies. Although a haploidentical donor may be readily available within a family, the higher risk of GVHD and graft rejection following transplantation are significant limitations associated with it. Our study included 4 patients who underwent haploidentical HSCT; the survival rate among whom was only 50.0%. However, several recent reports have shown relatively acceptable outcomes following haploidentical transplantation. Esteves et al. 27 reported a 1-year OS of 67.1% in 16 Brazilian children and young adults with SAA who underwent haploidentical donor HSCT. Xu et al. 28 similarly showed an OS rate of 64.6% in 19 Chinese children and young adults with a median follow-up of 746 days. Although number of patients in these previous reports were small, their results suggest that haploidentical HSCT may be a particularly important treatment modality for patients who fail frontline treatment and require urgent transplantation but have no matched familial or unrelated donors.
Although the majority of patients (85.7%) with chronic GVHD were eventually able to discontinue all immunosuppressants, the high incidence of chronic GVHD in our cohort suggests a negative influence of frontline HSCT using an alternative donor on the quality of life of children with SAA. Thus, high quality general supportive measures, as well as a multidisciplinary approach, should be provided during the long-term follow-up of these patients.
There are several limitations in this study. First, this was a retrospective analysis in which the number of patients was small. Second, it was difficult to clarify the main reasons for improved outcomes of alternative donor transplants because of the diversity of conditioning regimens employed. Third, the outcome of IST may be underestimated because of the recent unavailability of horse ATG in our country. Whatever the reason, the outcome of alternative donor HSCT in our cohort was better than expected, especially in those who received HSCT without prior IST, whereas the overall response rate of IST was not satisfactory.
In conclusion, our data suggests that frontline alternative donor HSCT may be a better treatment option than IST for children and adolescents who lack an HLA-matched familial donor, especially in situations where horse ATG is not available. Further study is required to identify the best graft source and the best conditioning regimen that can further improve the outcome of alternative donor HSCT for children with SAA.
